EP 3 439 092 A1

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3 439 092 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
06.02.2019 Bulletin 2019/06

(21) Application number: 17275121.6

(22) Date of filing: 04.08.2017

(51) IntClL:

HO1M 818 (2006.01) HO1M 820 (2006.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(71) Applicants:
* Siemens Aktiengesellschaft
80333 Miinchen (DE)

* The University of Newcastle
Newcastle
NE1 7RU (GB)

(72) Inventors:

¢ Friedl, Jochen

Newcastle Upon Tyne, NE3 3NJ (GB)
* Hughes, Timothy

Wantage, 0X12 7AU (GB)
e Stimming, Ulrich

Newcastle upon Tyne, NE15 9JT (GB)
* Wolfschmidt, Holger

91058 Erlangen (DE)

(54) ELECTRODE STRUCTURE FOR A REDOX FLOW BATTERY AS WELL AS REDOX FLOW

BATTERY

(67)  The invention relates to an electrode structure
(14) for a redox flow battery (10), the electrode structure
(14) comprising at least one electrode (16),

the electrode (16) is configured as a surface element (42)
having flat surfaces (44, 46) on opposite sides (48, 50)
of the electrode (16), the surfaces (44, 46) extending in

FIG 3

respective parallel planes, wherein a plurality of three-di-
mensional protrusions (52) is applied on at least one of
the surfaces (44, 46) and protrude, from the at least one
surface (44), at least in a direction (54) being perpendic-
ular to the respective planes.

<—~—44

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 439 092 A1 2

Description

[0001] The invention relates to an electrode structure
for a redox flow battery according to the preamble of pat-
ent claim 1. The invention further relates to a redox flow
battery according to the preamble of patent claim 14.
[0002] Such an electrode structure for aredox flow bat-
tery and such a redox flow battery are already known
form US 2013/0022846 A1. The electrode structure com-
prises at least one electrode which is, for example, con-
figured to provide electric current or electrical energy by
means of which at least one electrically operable device
can be operated.

[0003] Moreover, US 2010/018991 A1 shows a meth-
od of fabricating a material.

[0004] Itis an object of the presentinvention to provide
an electrode structure for a redox flow battery, and a re-
dox flow battery so that the electrode structure and the
redox flow battery can be manufactured in a particularly
cost-effective way, wherein in a particularly advanta-
geous operation of the redox flow battery can be realized.
[0005] This object is solved by an electrode structure
having the features of patent claim 1, as well as a redox
flow battery having the features of patent claim 14. Ad-
vantageous embodiments with expedient developments
of the invention indicated in the other patent claims.
[0006] A first aspect of the present invention relates to
an electrode structure for a redox flow battery, the elec-
trode structure comprising at least one electrode. For ex-
ample, in a completely assembled state of the redox flow
battery, the at least one electrode can provide electric
current or electrical energy by means of which at least
one electrically operable device can be operated. For
example, the redox flow battery can be used to store
electrical energy by means of which said device can be
operated in a need-based manner. For example, the de-
vice is an electric machine which can be operated as an
electric motor by means of the electric energy stored in
the redox flow battery, and provided by means of said
electrode.

[0007] In order to further develop the electrode struc-
ture in such a way that the electrode structure and thus
the redox flow battery can be manufactured in a partic-
ularly cost-effective way, wherein a particularly advanta-
geous operation of the electrode structure and thus the
redox flow battery can be realized, according to the
present invention, the electrode is configured as a sur-
face element having flat surfaces on opposite sides of
the electrode or the surface element respectively. In this
regard the surfaces extend in respective parallel planes.
[0008] Since, according to the present invention, the
electrode is configured as said surface element the elec-
trode is configured as an at least substantially two-di-
mensional (2D) electrode or structure. In this regard, the
surface element or the electrode has a first extension
extending in a first direction, and a second extension ex-
tending in a second direction being perpendicular to the
first direction. The first and second extensions are sub-

10

15

20

25

30

35

40

45

50

55

stantially greater than a third extension of the surface
element (electrode), the third extension extending in a
third direction being perpendicular to the first and second
directions. Thus, the surface elementitselfiis flat and con-
figured as, for example, a disc or plate. Since, in the elec-
trode structure according to the present invention, said
surface elementis used as said electrode, the cost of the
electrode structure can be kept particularly low. Moreo-
ver, in order to realize a particularly advantageous oper-
ation of the electrode structure and thus the redox flow
battery, a plurality of three-dimensional (3D) protrusions
is applied on at least one of the flat or even surfaces of
the surface element (electrode), wherein said protrusions
protrude, from the at least one surface, at least in a di-
rection being perpendicular to the respective planes in
which said surfaces extend or are arranged.

[0009] The respective plane is spanned by said first
and second directions, so that said direction being per-
pendicular to the respective plane is said third direction
running perpendicularly to the first and second directions
and thus the respective plane. The protrusions are also
referred to as three-dimensional structures or 3D struc-
tures which help realize a particularly advantageous, in
particular efficient, operation of the redox flow battery.
For example, the at least one surface on which the three-
dimensional structures are applied and the three-dimen-
sional structures (protrusions) themselves form a total
surface having a surface roughness which can be defined
or adjusted by means of the protrusions in a need-based
manner.

[0010] The idea behind the present invention is that,
conventionally, redox flow battery systems normally use
high-surface electrodes which are made from carbon
fleece or carbon or graphite felt. Thus, said high surface
electrodes are configured as carbon electrodes which
are three-dimensionally formed and flattened and flown
through by at least one electrolyte of the respective bat-
tery redox flow system. These high surface electrodes
form high surface areas which are required by low reac-
tive species in standard redox flow battery systems such
as vanadium/vanadium.

[0011] The idea behind the invention is that high reac-
tive species such as POMs (polyoxometalate redox flow
batteries) as redox systems are able to work on more
planar electrodes. Thus, said protrusions are used as
three-dimensional structures on the at least substantially
two-dimensional electrode for defining an advantageous
surface roughness and high active areas. Thus, a par-
ticularly effective and efficient operation of the redox flow
battery can be realized. Moreover, the costs of the redox
flow battery can be kept particularly low. For example,
by using said at least substantially two-dimensional sur-
face element as said electrode of the electrode structure,
flow resistance in a flow cell of the redox flow battery can
be kept particularly low, which is particularly advanta-
geous when using highly active redox species. Moreover
the three-dimensional protrusions are used to achieve a
defined surface roughness and active surface area.
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Moreover, said three-dimensional protrusions can be
used for a mechanical stabilization of at least one cell of
the redox flow battery so that, for example, said protru-
sions can have a double function.

[0012] In an advantageous embodiment of the inven-
tion the protrusions are configured as spacers by means
of which the electrode (surface element) is kept at a dis-
tance from at least one further component of the elec-
trode structure. In this regard, the protrusions have a dou-
ble function since the protrusions are used for both de-
fining an advantageous surface roughness and keeping
the electrode at a distance from said further component
so as to realize a particularly high mechanical stability
without having to use separate further components such
as separate spaces. Thus, the number of parts of the
electrode structure and thus the redox flow battery can
be kept particularly low so that the weight and the costs
of the redox flow battery can be kept particularly low.
[0013] In the electrode structure according to the
present invention, the electrode is a flat and cheap struc-
ture in a two-dimensional configuration equipped with
three-dimensional add-ons formed by said protrusions.
Thus, a scalable surface roughness of said total surface
can be realized. For example, said surface roughness
can be adjusted in a need-base manner by adjusting the
protrusions, in particular with respect to their form and/or
geometry and/or extension and/or number. Moreover,
preferably, the protrusions can function as defined spac-
ers thereby helping create a particularly high mechanical
stability of the redox flow battery.

[0014] In a further advantageous embodiment of the
invention the further component is configured as a sec-
ond electrode or an ion exchange membrane for the re-
dox flow battery, wherein the ion exchange membrane
is also referred to as a membrane or a separator. Thus,
by means of the protrusions, a particularly advantageous
distance between the further component and the first
electrode can be adjusted in a need-based manner.
[0015] In a particularly advantageous embodiment of
the invention the further component is said membrane
being arranged between the first electrode and said sec-
ond electrode of the electrode structure. In this regard,
preferably, the second electrode is configured as a sec-
ond surface element having second flat or even surfaces
on opposite sides of the second electrode. Embodiments
and advantages of the first electrode and thus the first
surface element are to be regarded as embodiments and
advantages of the second electrode and thus the second
surface element and vice versa.

[0016] The second surfaces extend in respective par-
allel second planes, wherein a plurality of three-dimen-
sional second protrusions is applied on at least one of
the second surfaces. The second protrusions protrude
fromthe atleast one second surface at least in a direction
being perpendicular to the respective second planes.
Preferably, said direction being perpendicular to the sec-
ond planes is said third direction. Advantages and em-
bodiments of the first protrusions are to be regarded as
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embodiments and advantages of the second protrusions
and vice versa. Thus, the electrodes can be kept at re-
spective distances from the further component in a par-
ticularly advantageous way without having to use sepa-
rate components such as separate spacers so that the
number of parts and thus the costs and the weight of the
redox flow battery can be kept low. Moreover, for exam-
ple, the protrusions can be used as guiding elements
which can help guide respective electrolytes flowing
along the membrane on opposite sides and around the
respective protrusions in a particularly advantageous
way so that a particularly effective and efficient operation
of the redox flow battery can be realized.

[0017] Preferably, the first protrusions contact the fur-
ther component directly so that a particularly efficient op-
eration of the redox flow battery can be realized in a par-
ticularly cost-effective way.

[0018] Moreover, preferably the second protrusions
contact the further component directly so that a particu-
larly advantageous operation of a redox flow battery can
be realized.

[0019] Inordertokeep the costofthe redox flow battery
particularly low, in a further embodiment of the present
invention, the protrusions and the electrode are made
from the same material. This means, for example, the
first protrusions and the first electrode are made from the
same material. Alternatively or additionally, for example,
the second protrusions and the second electrode are
made from the same material.

[0020] In a particularly advantageous embodiment of
the invention the protrusions are made from an electri-
cally non-conductive material so that, for example, addi-
tional separate isolators can be avoided.

[0021] For example, by using the protrusions as spac-
ers a cell stack of the redox flow battery can be realized
in a particularly cost-effective way, said cell stack com-
prising a plurality of battery cells which are also referred
to as redox flow cells. Particularly, the battery cells can
be realized as symmetrical redox flow cells in a particu-
larly advantageous way by using said protrusions as
spacers.

[0022] In a further embodiment of the invention the re-
spective protrusion comprises a base body made from a
first material, the base body being, at least partially, coat-
ed with a second material which is different from the first
material. Thus, the electrode structure, in particular its
characteristics, can be defended in a need-based man-
ner and in a cost-effective way. For example, the elec-
trode is made from the first material so that the respective
base body and the respective electrode are made from
the same material.

[0023] In a further advantageous embodiment of the
invention, the second material is a metallic material or
carbon or an electrically non-conductive material so as
to, by means of the electrically non-conductive material,
electrically isolate the respective protrusion at least par-
tially, in particular in a major portion or completely. For
example, said metallic material is at least one of nickel
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(Ni), copper (Cu), gold (Au) and at least one metal alloy.
For example, the surface element can be made from at
leastone of carbon, nickel, copperand atleastone further
material.

[0024] In a further advantageous embodiment of the
invention, the protrusions are arranged in a flow channel
for guiding an electrolyte of the redox flow battery. Thus,
for example, the protrusions can help realize a particu-
larly advantageous flow of said electrolyte so that a par-
ticularly efficient and effective operation of the redox flow
battery can be realized.

[0025] For example, the respective protrusion can be
configured as a hemisphere. Moreover, the respective
protrusion can act as a flow body which is directed in a
flow direction of the electrolyte and/or rotated or inclined
in relation to the flow direction. Alternatively or addition-
ally, the respective protrusion can be configured as a
semi-tube, a tube or a rod. For example, the protrusion
has a longitudinal extension which is parallel or inclined
or perpendicular to a flow direction of the electrolyte.
Moreover, the respective protrusion can be hollow or con-
figured as a hollow structure which is, for example, a
semi-tube, atube or a rod. Moreover, the respective pro-
trusion can have a form of a permit. The respective pro-
trusion can be made from carbon, a metallic material, a
hybrid material and/or coated material. Moreover, the
protrusions can be configured as flow bodies which have
wave structures. Moreover, the protrusions can have a
scalable structure. Furthermore, the respective protru-
sion can have a head which is electrically isolated and/or
mechanically smoothed and/or coated, in particular with
a separator.

[0026] A second aspect of the invention relates to a
redox flow battery comprising at least one electrode
structure, in particular, at least one electrode structure
according to the present invention. The electrode struc-
ture comprises at least one electrode.

[0027] Inordertofurther develop the redox flow battery
in such a way that the redox flow battery can be manu-
factured in a particularly cost-effective way, and that a
particularly effective and efficient operation of the redox
flow battery can be realized, according to the present
invention, the electrode is configured as a surface ele-
ment and thus an at least substantially two-dimensional
structure having flat or even surfaces on opposite sides
of the electrode, said surfaces extending respective par-
allel planes. Moreover, a plurality of three-dimensional
protrusions is applied on at least one of the surfaces, and
protrude from the at least one surface at least in a direc-
tion being perpendicular to the respective planes. Advan-
tages and advantageous embodiments of the first aspect
ofthe presentinvention are to be regarded as advantages
and advantageous embodiments of the invention and
vice versa.

[0028] Further advantages, features, and details of the
invention derive from the following description of pre-
ferred embodiments as well as from the drawings. The
features and feature combinations previously mentioned
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in the description as well as the features and feature com-
binations mentioned in the following description of the
figures and/or shown in the figures alone can be em-
ployed not only in the respective indicated combination
but also in any other combination are taking alone without
leaving the scope of the invention.

[0029] The drawings show in:

FIG.1  aschematic view of a first embodiment of a re-
dox flow battery according to the presentinven-
tion;

FIG.2 aschematicview of amethod for manufacturing
an electrode structure for the redox-flow battery
according to the first embodiment;

FIG.3 part of a schematic sectional view of the elec-
trode structure according to the first embodi-
ment;

FIG.4 a schematic perspective view of an electrode
of the electrode structure according to a second
embodiment;

FIG.5 a schematic perspective view of the electrode
according to a third embodiment;

FIG.6  a schematic perspective view of the electrode
according to a fourth embodiment;

FIG.7  part of a schematic sectional view of the elec-
trode structure according to a fifth embodiment;
and

FIG.8 a schematic view of the redox flow battery ac-
cording to a sixth embodiment.

[0030] In the figures the same elements or elements
having the same functions are indicated by the same
reference signs.

[0031] FIG. 1 shows in a schematic view a first embod-
iment of a redox flow battery 10 for storing electric current
or electrical energy. In the first embodiment the redox
flow battery 10 comprises at least one battery cell 12
which is also referred to as a cell, flow cell or redox flow
cell. The redox flow battery 10, in particular said cell,
comprises at least one electrode structure 14 having a
first electrode 16 and at least two further components. A
first one of said further components is an ion exchange
membrane 18 which is also referred to as a membrane
or separator. The second further component is a second
electrode 20. As can be seen from FIG. 1, for example,
the electrode 16 forms a positive pole, wherein the elec-
trode 20 forms a negative pole of the cell. For example,
the redox battery 10 can provide electrical energy or elec-
tric current by means of the electrodes 16 and 20, said
electric current or electrical energy being stored in said
cell. For example, at least one component 22 being, for
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example, a load can be electrically connected with the
electrodes 16 and 20 so that the component 22 can be
supplied with the electrical energy stored in the cell. For
example, the cell has a chamber 24 which is divided into
two chamber areas 26 and 28 by means of said mem-
brane. The chamber area 26 is supplied with a first elec-
trolyte 30 stored in afirst electrolyte tank 32. For example,
the first electrolyte 30 is conveyed from the electrolyte
tank 32 into and through the chamber area 26 by means
of a first pump 34.

[0032] Furthermore, the chamber area 28 can be sup-
plied with a second electrolyte 36 stored in a second elec-
trolyte tank 38. For example, the second electrolyte 46
can be conveyed from the electrolyte tank 38 into and
through the chamber area 28 by means of a second pump
40. Having flown through the respective chamber area
26 or 28 the respective electrolyte 30 or 36 can flow from
the respective chamber area 26 or 28 back into the re-
spective electrolyte tank 32 or 38. When flowing through
the respective chamber area 26 or 28, the respective
electrolyte 30 or 36 flows against and along the respec-
tive electrode 16 or 20. In this regard, for example, the
chamber area 26 is at least partially bounded by the elec-
trode 16 wherein the chamber area 28 is at least partially
bounded by the electrode 20 so that the electrolyte 30
can contact the electrode 16 directly, and the electrolyte
36 can contact the electrode 20 directly when flowing
through the chamber area 26 or 28 respectively. Thus,
as can be seen from FIG.1, the electrolytes 30 and 36
circulate in two separate circuits between which an ion
exchange occurs in the cell via said separator. During
the ion exchange first substances solved in the electro-
lyte 30 and/or 36 are reduced and second substances
solved in the electrolyte 30 and/or 36 are oxidized where-
by electrical energy is set free. Said electrical energy can
be provided by the redox flow battery 10 via the elec-
trodes 16 and 20.

[0033] As can be seen from FIG. 2, for example, the
electrode 16 is configured as a surface element 42 being
an at least substantially two-dimensional structure. The
surface element 42 has flat or even surfaces 44 and 46
on opposite sides 48 and 50 of the electrode 16 or the
surface element42. The surfaces 44 and 46 are arranged
or extended in respective virtual parallel planes. Moreo-
ver, a plurality of three-dimensional protrusions 52 is ap-
plied on, for example, the surface 44. The protrusions 52
are three-dimensional structures or form such a three-
dimensional structure protruding, from the surface 44, at
least in a direction being perpendicular to the respective
planes. Said direction is illustrated by an arrow 54 in FIG.
2. The previous and following statements relating to the
electrode 16 can be applied to the electrode 20 and vice
versa.As canbe seenfrom FIG. 2, in the firstembodiment
the protrusions 52 are configured as spacers 56 by
means of which the electrode 16 is kept at a distance
from at least one further component 58 of the electrode
structure 14. In FIG.2, said distance or a direction along
which said distance extends is illustrated by an arrow 60,
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wherein the direction along which said distance extends
is the distance in which the protrusions 52 protrude from
the surface 44.

[0034] For example, the further component 58 is the
membrane 18 or a third electrode of the electrode struc-
ture 14. As can be seen from FIG. 3, for example, the
respective protrusion 52 has a curved or round outer cir-
cumferential surface 62 which, for example, contacts the
further component 58 directly so that the respective pro-
trusion 52 contacts the further component 58 directly.
[0035] FIG. 4 shows asecond embodiment of the elec-
trode 16 and thus the redox flow battery 10. Since, for
example, the further component 58 is said separator, the
protrusions 52 are arranged in a flow channel 64 through
which the electrolyte 30 or 36 can flow. Thus, forexample,
the flow channel 64 is the chamber area 26 or 28. In FIG.
4, respective arrows 66 and 68 illustrate respective flow
directions in or along which the respective electrolyte 30
or 36 can flow through the flow channel 64. Moreover, in
the second embodiment, the respective protrusion 52
has a longitudinal direction. In this regard, for example,
the respective protrusion 52 is configured as a tube hav-
ing a round or circular cross-section. Moreover, the pro-
trusion 52 can be configured as a semi-tube having a
half-round or half-circular cross section. Moreover, the
protrusion 52 can be configured as a rod having a rec-
tangular cross-section. The longitudinal extension of the
respective protrusion 52 is illustrated by an arrow 70.
[0036] If, for example, the flow direction of the electro-
lyte corresponds to the arrow 66, the longitudinal exten-
sion of the protrusion 52 is parallel or corresponds to the
flow direction. Further, if the flow direction of the electro-
lyte 30 or 36 corresponds to the arrows 68, the longitu-
dinal extension of the respective protrusion 52 is angular,
in particular perpendicular, to the flow direction. Moreo-
ver, the respective protrusion 52 can be massive or hol-
low.

[0037] FIG.5 shows a third embodiment in which, for
example, the respective protrusions 52 are configured
as or have the forms of drops.

[0038] FIG. 6 shows a fourth embodimentin which the
protrusions 52 are configured as or have the forms of
cylinders.

[0039] FIG. 7 shows a fifth embodiment in which both
electrodes 16 and 20 are configured as surface elements
42 having surfaces 44 facing towards each other, where-
in respective protrusions 52 are applied on the respective
surfaces 44. Thus, the electrodes 16 and 20 are kept at
respective distances from the separator by means of the
protrusions 52.

[0040] Furthermore, FIG.8 shows a sixth embodiment
in which the redox flow battery 10 comprises a cell stack
72 having a plurality of battery cells. This means, the cell
stack 72 comprises at least two battery cells. The cell
stack 72 comprises a plurality of ion exchange mem-
branes 18, a plurality of end electrodes 74 and a plurality
of current collectors 76. For example, the respective elec-
trode 74 can be configured as the electrode 16 or 20.
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Moreover, the cell stack 72 comprises at least one bipolar
electrode 78 having a first surface 80 and an opposite
surface 82. In this regard, the electrolyte 30 can flow
along the surface 80, wherein the electrolyte 36 can flow
along the surface 82. For example, the respective surface
80 or 82 can be configured as said surface 44.

[0041] For example, the bipolar electrode 78 is config-
ured in such a way that the bipolar electrode 78 compris-
es a first electrode element and a second electrode ele-
ment. For example, the first electrode element and/or the
second electrode element can be configured as the elec-
trode 16 or 20. Moreover, the bipolar electrode 78 can
comprise a separator arranged between the firstand sec-
ond electrode elements. For example, a respective sur-
face such as the surface 44 of the respective electrode
element can be equipped with protrusions 52 so that said
electrode elements are kept at adistance from each other
and/or from the separator arranged in between by said
protrusions 52 applied on the respective surface 44 of
the respective electrode element. Thus, for example, the
protrusions 52 can be used as spacers between the elec-
trode 16 or 20 and the separator or between two elec-
trodes or the electrode elements. Thus, for example, said
plurality of batteries cells can be realized as symmetrical
redox flow cells in a particular cost-effective way. In other
words, the first electrode element can be configured as
the electrode 16 or 20 wherein the further component 58
can be said second electrode element which can also be
configured as the electrode 16 or 20.

Claims

1. An electrode structure (14) for a redox flow battery
(10), the electrode structure (14) comprising at least
one electrode (16),
characterized in that
the electrode (16) is configured as a surface element
(42) having flat surfaces (44, 46) on opposite sides
(48, 50) of the electrode (16), the surfaces (44, 46)
extending in respective parallel planes, wherein a
plurality of three-dimensional protrusions (52) is ap-
plied on at least one of the surfaces (44, 46) and
protrude, from the at least one surface (44), at least
in a direction (54) being perpendicular to the respec-
tive planes.

2. The electrode structure (14) according to claim 1,
characterized in that
the protrusions (52) are configured as spacers (56)
by means of which the electrode (16) is kept at a
distance (60) from at least one further component
(58) of the electrode structure (14).

3. The electrode structure (14) according to claim 2,
characterized in that
the further component (58) is configured as a second
electrode (20) or an ion exchange membrane (18)
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10.

1.

for the redox flow battery (10).

The electrode structure (14) according to claim 2,
characterized in that

the further component (58) is an ion exchange mem-
brane (18) for the redox flow battery (10), the ion
exchange membrane (18) being arranged between
the electrode (16) and a second electrode (20) of the
electrode structure (14).

The electrode structure (14) according to claim 4,
characterized in that

the second electrode (20) is configured as a second
surface element (42) having second flat surfaces
(44, 46) on opposite sides (48, 50) of the second
electrode (20), the second surfaces (44, 46) extend-
ing in respective parallel second planes, wherein a
plurality of three-dimensional second protrusions
(52) is applied on at least one of the second surfaces
(44, 46) and protrude, from the at least one second
surface (44), at least in a direction (54) being per-
pendicular to the respective second planes.

The electrode structure (14) according to any one of
claims 2 to 4,

characterized in that

the protrusions (52) contact the further component
(58) directly.

The electrode structure (14) according to claim 5 or
according to claims 5 and 6,

characterized in that

the second protrusions (52) contact the further com-
ponent (58) directly.

The electrode structure (14) according to any one of
the preceding claims,

characterized in that

the protrusions (52) and the electrode (16) are made
from the same material.

The electrode structure (14) according to any one of
the preceding claims,

characterized in that

the protrusions (52) are made from an electrically
non-conductive material.

The electrode structure (14) according to any one of
the preceding claims,

characterized in that

the respective protrusion (52) comprises a bases
body made from a first material, the base body being,
at least partially, coated with a second material dif-
ferent from the first material.

The electrode structure (14) according to claim 10,
characterized in that
the electrode (16) is made from the first material.
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13.

14.
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The electrode structure (14) according to claim 10
or 11,

characterized in that

the second material is a metallic material or carbon
or an electrically non-conductive material so as to
electrically isolate the respective protrusion (52) at
least partially.

The electrode structure (14) according to any one of
the preceding claims,

characterized in that

the protrusions (52) are arranged in a flow channel
(64) for guiding an electrolyte (30) of the redox flow
battery (10).

A redox flow battery (10) comprising at least one
electrode structure (14) which comprises atleastone
electrode (16),

characterized in that

the electrode (16) is configured as a surface element
(42) having flat surfaces (44, 46) on opposite sides
(48, 50) of the electrode (16), the surfaces (44, 46)
extending in respective parallel planes, wherein a
plurality of three-dimensional protrusions (52) is ap-
plied on at least one of the surfaces (44, 46) and
protrude, from the at least one surface (44), at least
in a direction (54) being perpendicular to the respec-
tive planes.
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